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THZ EFFECT OF THE SKIS ObT THE PWER-OFF STABILITY 
CHARACTERISTICS OF A TWIN-ENGINE CARGO A I R P W  
By Park Y ,  Wong 
The r e s u l t s  of t h e  power-off wind-tunnel t e s t s  of a 
l / l l - s c a l e  model of a twin-engine cargo  a i r p l a n e  equipped 
wi th  wheel sk is  a r e  p re sen ted .  Longi tudinal- ,  d i r e c t i o n a l - ,  
and l a t e r a l - s t a b i l i t y  c h a r a c t e r i s t i c s  were i n v e s t i g a t e d  
f o r  two f l a p  p o s i t i o n s  and t h r e e  s k i  p o s i t i o n s .  The e f f e c t  
on the d r a g  c o e f f i c i e n t  o f  f a i r i n g  t h e  main s k i s  i n  t h e  
r e t r a c t e d  p o s i t i o n  wafi  a l s o  i n v e s t i g a t e d .  
The t e s t  r e s u l t s  i n d i c a t e d  t h a t  t h e  long i tud ina l - ,  
d i r e c t i o n a l - ,  and l a t e r a l - s t a b i l i t y  c h a r a c t e r i s t i c s  i n  
p i t c h  and yaw were p r a c t i c a l l y  unchanged by  t h e  a d d i t i o n  
of the  wheel sk is .  xt a l i f t  c o e f f i c i e n t  o f  0 . 2  (high- 
speed c o n d i t i o n ) ,  t h e  measured Crag increment due t o  t h e  
main skis i n  t he  r e t r a c t e d  p o s i t i o n   as 0.0017. This 
va lue  was reduced t o  O.OOO5 when f a i r i n g s  were added between 
t h e  main s k i s  and t h e  n a c e l l e s .  The measured d r a g  inc renen t  
of t h e  t a i l  s k i  was 0.0005. 
INTRODUC T I O N  
A t  t h e  r eques t  of t h e  A i r  Technical  Serv ice  Command, 
t e s t s  on a l / l l - s c a l e  model of a twin-engine cargo  air- 
p lane  eouipped with wheel skis wcre conducted i n  t h e  
Ames 7- b y  lO-foot wind  tunne l .  
t h e  a i r p l a n e  i s  p re sen ted  i n  f i g u r e  1. The purpose of 
t h e s e  t e s t s  was t o  i n v e s t i g a t e  the e f f e c t  of wheel skis on 
A three-view drawing of 
2 
p owe r- o f f 1 ong i t  ud i n a l -  , d ire c t i o n d -  , m d  li! t e r a 1- s t a3 il it y 
c h a r e c t e r i s t i c s  of  t he  model ar,d t o  i c v 2 s t i g z t e  t h e  e f f e c t  
on t h e  drag  of f a i r i n g  t h e  main skis i n  t h e  r e t r a c t e d  posi- 
t i o n .  
P i t c h  and yaw runs  wer3 made with t h e  model i n  t h e  
sk i s -o f f  conCi t ion  et two f l a p  p o s i t i o n s  and w i t h  r e t r & c t e d  
and extecded main  l and ing  gear as a mTLsui-e for comparison 
with the skis-on r u n s ,  
t i o n ,  rum were nade w i t h  t h o  main skis  itnd gear  r e t r a c t e d ,  
extended f o r  l a n d i n g  F on a hard s u r f a c e ,  and extended f o r  
l and ing  on snx: .  
r e t r ; c t ab le .  
'~u ' i t i~  t h e  model Ln t h e  sk i s -on  condi- 
~r t h e s e  r u n s ,  t h e  tai l  ski and p8.r 
Figure  2 shclws det,o,il dr2NiilgS of t h e  S k i  
we-,  L~ 7 always i n  a fix:?. pos i z ion  as ck;e t a i l  wheel i e  non- 
p o s i t  ions t c  s t e d .  
The t e s t s  were condu-cted du r ing  t h e  pe r iod  of 
Deccrrber 16  t o  Decenber 19, 154$, i n c l u s i v e - ,  A l l  d o t a  
inc luaed  have bezn presented  p r e v i o u s l y  i n  p r e l i m i n F x y  forrr,. 
DESCRIPTIO3 OF TI23 MODEL AKD TXE AIltDLh?JE 
A 1 /5-sc~ . le  model of a twin-engine c:.rgo a i r p l a n e  of 
convefit ional des i2n  was used i n  t h e  c e s t s .  
conf igu r&t ion  symbols employed are l i s t e d  i n  kpnendix d B 
t h a  fu l l - sc r , le  dimensions o f  t h e  a i r p l m c  are p r e s e n t e d  i 
tEble  I. Photops.qhs of t h e  model mouiltcc? i n  t he  t u n n e l  
t h e  main lflnding gear  a;id skis reti-nc-GeZ, ge2r and skis 
extzndcd f o r  Innding  on 2. hard runwp-y, and w i t ? -  g e a r  and 
extended f o r  snow l and ing  a r e  shown i i 1  f l k u r e s  3, b ,  and 
The xode l  
.nd 
, ri 
with 
s k i s  
5, 
r e s p e c t i v e l y  . 
C 05F F I C IE iQ S LED C OR3.E C ? I C1: S 
A l l  da ta  m e  presen ted  as s t a n d c r d  TGCA c o e f f i c i e n t s  
All c o e f f i c i e : l t s  c".yc r e f e r r e d  t o  t n e  
and pre c o r r e c t e d  f o r  t a res ,  tunncl-ylavll i n t e r f e r e n c e ,  and 
stream i n c l i n a t i o n .  
wi:?d axes except  when t h e  model i s  y?.wcd. 
case, t h e  f o r c e  c o e f f i c i e n t s  CD' ~ x d  Cy1 rnd the x o m n t  
c o e f f i c i e n t s  C m l  2nd C t '  m e  g iven  about t h e  s t r - b i l l t y  
zxes. The c o e f f i c i e n t s  used m e  d e f i n e d  as f o l l o w s :  
I n  t h e  l p - t t e r  
3 . 
I -  
* 
: -  
l 
a 
l i f t  c o e f f i c i e n t  
drng c o e f f i c i e n t  <y) 
drRg c o e f f i c i e n t  about  t he  s t a S i l i t y  axes ( - 
l a t e r d - f o r c e  c o e f f i c i e n t  about t h e  s t a b i l i t y  axes 
dra= qb 1 
l a t e r c i  f o r c e  
us 
) p i t c h i n g  moment p i t c h i =  moment 
pitching-moment coef f i c i e n t  &out the s t a b i l i t y  axes  
qSE 
p i t c h i n g  moment 
yawing-moment coeff  i c i c n t  ( y , l , ~ r ~ ; ~ ~ . ~ n e n t  
rol l ing-monent  c o e f f i c i e n t  ~J.~occ+, t he  s t t l b i l i t y  axes 
[ - rolling mornent) 1
ClSb 
\ qSb 1 
p m n s i t e  drag  c o e f f i c i e n t  
where 
q dynamic pressure (-$,PV2> 
S wing 
C wing 
b wing 
- 
n wing 
area, s q u x e  f e e t  
mean aerodynamic chord ( X . A . C . ) ,  f e e t  
span; f e e t  
aspect r a t i o  (9 
Moment c o e f f i c i e n t s  are p r c s c n t e d  about A. c e n t e r  of 
g r a v i t y  l o c a t e d  a t  20.8 percen t  o f  'cke n e F n  ~ ~ . c r ~ o d y n a n i c  
chord and 2.7 perccn t  of tkic m e m  scrod;msmic chord below 
the thrust l i n e .  This i s  the  s m c  rcfc;.er,ce c e n t e r  of 
g r - v i t y  used i n  r c f c r e n c e  1. A l i n c  diagrFm of t h e  r e f e r e n c e  
center-of-grpLvity l o c r t i o n  i s  prese,-,ted i n  f i g u r c  6. 
4 m NO. ~ 5 3 ~  . 
The angle  of a t t a c k  i s  meesurcd fi-0r.i t h e  f u s e l q q  r e f c r c n c c  - I  
I 
I 
l i n e  and t h e  a,riglc of yak from the  p lmx  of s y m i c t r y .  
H dynainic p r e s s u r e  of 50 pounds peif' square f o o t  corrc-  
sponding t o  c? Reynolds nurdaer (based on the wing i 4 . A e C . )  of 
1,~00,000 w a s  rcaigtr ined f o r  a l l  t e s t s .  
The strezrr, i n c l i n a t i o n  and to-re c o r r e c t i o n s  used i n  the 
c o q u t s t l a r i s  ? r e  the  sane as tkosc  used i n  o b t e i n i n g  t h e  
r e s u l t s  of r e f e r e n c e  1. D e f i n i t i o n s  of t h e  tunnel -wal l  
c o r r e c t i o n s  may be found i n  Appendix B .  
RESULTS AND D I S C U S S I O N  
The e f f e c t  of wheel s k i s  on t h e  l o n g i t u d i n a l  cha rac t e r -  
i s t i c s  a t  zero yew i s  snown i n  f i g u r e  7 f o r  f l ops  up and down 
4 5 O ,  with t h e  rcain 1andiRg ge3.r r e t r a c t e c .  F igure  l3 p r e s e n t s ,  
for the fleps--Ep condi t iCn,  t h e  e f f e c t  of t h e  s k i s  on the 
l o n g i t a d i n d  c h c - r a c t e r i s t i c s  of t h e  nod21 with t k e  main 
l a n d i n g  gea r  extended,  a d  t h e  conScltioi1 with f l a p s  down c?t 
4 5 O  i s  shown i n  f i g u r e  9. These f i g u r c s  i n d i c c t e d  t h a t  the 
a l ld i t i o i ?  of t h e  wheel s k i s  had r,cgll;.ible e f f e c t  on the 
l o n g i t u d i n a l - s t  F b i l i t y  arid l i f t  c h m n c t e r  i s  t ics . 
The e f f e c t  of t he  s k l s  on t h e  c h z - r n c t e r i s t i c s  of t h e  
model i n  yaw a t  
la i lding geor r e t r z c t c d ,  i s  prescr, tcd ic f l g u r c s  10 rnd II. 
The c h a r ? . c t e r i s t i c s  F t  a, = 5 0 ,  w i t h  f l 2 . p ~  do-m 45O ar,d r x i n  
l and ing  gez r  extended,  a r e  S ~ O W P I  i n  I " i 5 v . x ~  1 2  m 6  13 
t h e  uncorrcct2d m g l c  of attac:: r e f e r r e d  30 the f u s e 1 , c . p  
r e fe rence  line i n  d e g r e e s )  The longitu.dinnl-,  d i m c t i o x i l - ,  
and l p t e r c l - s t r b i l i t y  c lwrF .c t e r i s t i cc  of  t h e  r:,odel i n  yaw m e  
p r a c t i c a l l y  unchmged by tke a d d i t i o n  o f  t he  whccl skis. 
a, - -10 and 6O, witk fl7"ps up and rmin 
(au, 
The brzg c o e f f i c i e n t  i s  found t o  Se iTduce& when t h e  
s k i s  i n  the  r e t r ; c t e d  p o s i t i o n  a re  a X c d  t o  t h e  r o d c l  with 
f l a p s  down P t  45'. ( S e e  f i g .  7 .  ) H o m v c r ,  i n  t h e  fLc.ps- 
up cond i t ion ,  a high-speed prof i l c - d r c g  incrcmect ( ?-t CL = 0 .2  
of D C D ~  = 0.0022 resc ; l ted  f r o m  t b  ?itC-ition of t he  t r i l  
s k i  and t h e  mpin s k i s  t o  thc  r e t r r c t c c -  I l l d i n g  FeFr .  (Sez  
f i g .  1L.) The f a i r i n g  of t h e  n r i n  s1;is i n  the y e t r - . c t t d  
p o s i t i o n  with God-el clp-y, p.s shown i n  f i - - u r e  15, p e r t l y  
reducea t h e  over-rll dr?"g incrc:nent t o  A c . 9 ~  - 0,0010, By 
rermving the  t a i l  s k i ,  t h e  drpg  incrcmcnt of t h e  f T i r c d  a a i n  
b 
I 
- 
IllR NO. R5F18 5 
s k i s  a lone  (in the r e t r a c t e d  pcsi.tj .cn) i s  four,d . t o  b2 
* 'DP = 9,0005, Fidnc?, tl~e dl-ag incremeat  or" t h c  t z i l  
s k i  i s  a l s o  A C D  = 3 .0005 .  
P 
Ths conclus ions  di-awn from th.e t2s t s  of  the 1/11- 
s c a l e  modal of t h e  twin-cngina cargo  ai iaplsna cquippcd 
rnrlth wheel skis a r c  8 s  f o l l o r r s :  
1. The a d d i t i o n  oi' the whe31 skis had 8 nzglisiblis!  
e f f e c t  on thz power-off  s t a b i l i t y  c h a r a c t e r i s t i c s  of  the 
model  i!i p i t c h  and i n  ;-avr. 
2, A t  C = O s % ,  tlic: u;>ofile-draag incror:ont due t o  
t h o  main s k i s  i n  t h o  ra t rnc t?c i  p o s ~ t i o n  i s  9.0017, whi le  
t h c t  o f  t h e  t a i l  s k i  i s  0,3005. ' 3 ~ c  f : i i r ing o f  tht? rnxi.:i 
skis  i n  the rot"actc1d p o r i t i o n  w i L h  vod?l c l q y  rd2Liccs 
thz  d r a g  increment t o  0.0035. 
L 
Axes Aoronauti  c a l  Laboratory,  
Na t iona l  Advisory Comi.r,i.ctc-e f o r  Aeronautics 
Moffet t  E ' ~ e l d ,  Cal i f  . 
'8 w i ng 
E f u s e l a g e  
N na c e 1 1 e s 
E e x ? a u s t  s t a c k s  
H h o r i z o n t a l  t a i l  
v v e y t i c a l  t a i l  
F f l a p s  . 
! 
- 1  
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main l and ing  gear  extended 
main l a n d i n g  gea r  r e t r a c t e d  
t a i l  wheel 
fronr, g e a r  extended,  f r o n t  Skis  exteilded 
f r o n t  g e a r  extended, f r o n t  s k i s  r e t r a c t e d  
f r o n t  g e a r  r e t r a c t e d ,  f r o n t  s k i s  r e t r a c t e d  
f r o n t  gear  r e t r a c t e d ,  f r o n t  skis r e t r a c t e d  p l u s  s k i  
t a i l  wheel p l u s  t a i l  s k i  
s tandard  c onf i g u r e  t i o s ,  
f a i r i n g s  
WSbETqLT HV 
APPENDIX B 
The tunnel-wal l  c o r r e c t i o n s  are clef iged as f o l l o w s :  
~a = ( 6 ,  + 0.017~) 5 CL 8 57.3 = 0.9b CL 
= 0.0143 c y  o w c p  s 
70 
DC2 = 
where 
Da tunnel-wall  c o r r e c t i o n  t o  ar_gle o f  r - t tLck,  Leg 
ACD tunnel-wall  c o r r e c t i o n  t o  dras c o e f f i c i e n t  
AC, tunnel-wall  c o r r c c t i o n  t o  pitchii;g-IXr,lent c o e f f i c i e n t  
6w jet-boundary c o r r e c t i o n  f a c t o r  at  t h e  wing = 0,1235 
6% jet-boundary c o r r e c t i o n  f a c t o r  a-6 t h e  t a i l  = 0.987 
' I  m NO. A ~ F ~ L S  7 
change i n  p i t c h i n g  moment p e r  degree change i n  s t a ' c i l i x e r  dCmt -d i t  
a n g l e  ( s t a b i l i z e r  e f f e c t i v e n e s s )  = -O,O33!deg (COP- 
p u t e d )  
C tunnel '  c ros s - sec t ion  area = 70 sq ft 
S wing area = a.16 s q  ft 
- 
C m a n  aerodynamic chord = 1.05 ft: 
Model d inens ions  used i n  c o m y t l n g  c o e f i ' i c i e n t s  are as 
f o l l o w s :  
wing area, sq ft . . . . . . . . . . . . . . . . . . .  ge16 
wing span,  f t  . . . . . . . . . . . . . . . . . . . . .  8.60 
wing mean aerodynamic choyd, f t  . . . . . . . . . . . .  lc05 
wing a s p e c t  r a t i o  . . . . . . . . . . . . . . . . . . .  9.06 
1. B e l s l e y ,  Steven E . ,  and Jackson,  Roy P . :  The Effect of 
Amphib ious  F l o a t s  or! Power-Off S t a b i l i t y  and Co i l t ro l  
C h a r a c t e r i s t i c s  of the Douglas C-47 Ai rp lane .  J!XCA 
C X R ,  J a n .  1943. 
[Dimcns iocs  a rc  full sca le  1 
N AT I ON A 1  A D V l  SORY 
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( a >  F r o n t  view.  
(b) Rear view. 
Figure Sa- The l/ l l-roale model of tho twln-.ly;ine oargo airplane 
shoulng the rkir and gear retraoted (S+t,L,+P6). 
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t. 
.rt 
Iz 
U 
. 
( a )  Front view, 
(b) Rear view. 
Figure 4.- The l/h-raale modo1 of the twinangina oarKO rirDlano 
rharlng rkis  and gear extendod for landing on a tvrd run& 
(S+bL4+F16 1. 
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(a> Front  view. 
c 
(b) Rear view. 
Figure 6.- The l / b r a a l e  model of the Wnangine  eargo airplane 
rhowing okir and gear extended for landing on 811011 
(k4L,+F49. 
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N A T I O N A L  A D V l  S O R Y  
C 3 M M I T T E E  F O R  A t H O N A U T l C S  
MR No. A5F18 
1. 
e- 
t 
E 
(a )  F r o n t  view. 
-~ 
Ib l  Rear view. 
Xg-ae  15.- The 1,41-aeale model of the tuin-engine oargo airplane 
rhorring the main s k i 8  in the retracted potsition rlth a olay 
F Pairing added. 
